ABSTRACT Natural antioxidants have gained immense prominence in recent era for their role in obviating the auto-oxidation of fats, oils and allied food products. Lycopene is categorized among the most anticipated food bioactive molecules owing to its antioxidant activity, which must be extracted from its sources in high quantities. Current project was aimed to compare the conventional (simple solvent extraction) and contemporary (enzyme aided extraction) techniques for lycopene extraction from tomatoes and its products (tomato paste and pulp). Solvent mixture of hexane and acetone (75:25) was applied in both techniques with the initial enzyme (pectinase) application in enzyme aided method. Lycopene content was detected to be significantly high in tomato paste among all the products (38.3%) and extraction was more striking through enzyme-aided method. Under optimized conditions, DPPH% of raw tomatoes (90.12%), β-carotene (2.74%) and TPC contents (40.29%) in tomato paste were documented high. Conclusively, enzyme aided method for lycopene recovery proved to be more efficient as compared to simple solvent extraction.
In the recent era, tomatoes and its products has gained immense attention owing to the presence of lycopene, a carotenoid pigment, which holds the ability to control numerous ailments like cancer and other degenerative illnesses by hindering the activity of free radicals (Nasir et al., 2014 ). On-going epidemiological studies reveal that regular intake of tomatoes has an inverse relationship with the danger of developing cancers at various anatomical sites including, the stomach, lung and prostate gland (Viuda-Martos et al., 2014).
Antioxidant ability of lycopene to delocalize free radical species lies in the presence of conjugated carbon-carbon double bonds, which makes it quite beneficial for the human beings. Owing to this, its demand is quite high in food, feed, pharmaceutical and cosmetic industries. Tomatoes and its products (pulp and paste) are regarded as one of the richest sources of lycopene. The amount of lycopene in tomatoes varies between 90 to 190 lg/g fresh weight (Alda et al., 2009 ). Tomato paste is a thick concentrate made from the ripened tomatoes with the skin and seeds removed, while, tomato pulp is an unprocessed form, obtained by passing the fresh raw fully red tomatoes from the fine pulper machine removing the seeds (Rodriguez-Azua et al., 2014).
Considerable amount of lycopene is present in the chromoplast of the plant tissues. In tomatoes, its biosynthesis carries on a rapid pace during the ripening process, in which the chloroplast transforms into chromoplast. Voluminous sheets of lycopene are present in the outer part of the pericarp while the inner jelly like part mainly contains beta-carotene (Choudhari and Ananthanarayan 2007; Kiokias, 2016) .
Owing to the beneficial effects of lycopene, there is a need of time to improve its extraction methods. In the past, simply organic solvents only such as hexane, ethyl acetate, benzene, ethyl ether, acetone, ethanol and petroleum ether etc were used to extract lycopene from its natural sources. Moreover, different combinations of solvents were used to achieve the same objective in more effective way (Periago et al., 2004 ). These solvents alone or in combinations were not effective in extracting maximum lycopene, as they do not have the power to dissolve the cell wall constituents (cellulose and pectin), mainly responsible for the binding of lycopene (Agarwal and Rao, 2000) .
The application of hydrolytic enzymes that degrade and assist in the release of lycopene in high amount is a widely reported method for its efficient extraction. As plant cell wall comprises mainly of cellulose and pectin, but the later mainly binds the lycopene, so pectinase are employed for this purpose. They breakdown the respective bindings and release this important functional component which could be further extracted out by organic solvents (Zuorroa et al., 2011) .
The current study was planned for the extraction of lycopene from raw tomato and tomato products (paste and pulp) through solvent and enzyme aided extraction and its characterization through both the methods. Moreover, antioxidant potential of lycopene also determined while using different parameters. i.e. DPPH, TPC and β-carotene.
MATERIALS AND METHODS OF RESEARCH
Purchasing of Raw Material and Chemicals. Locally available bright red tomatoes (Solanum lycoperisicum. L) were procured from indigenous market of Faisalabad and stored at 2-4 °C. Fresh tomato products i.e. tomato paste and tomato pulp were prepared according to the prescribed methods. Pectinase were procured by the Rhizopus species, from Sigma Aldrich. Sodium acetate analytical grade was obtained from Sigma Aldrich. Sodium sulphate was purchased from Merck Millipore. Iodine, glacial acetic acid, hexane (AR grade) and acetone were purchased from Merck, Pakistan. Sample Preparation. The tomatoes were washed under running stream of water to remove all dirt, dust and foreign materials attached to their surface. De-heading and trimming of the tomatoes were carried out manually using a knife. These were processed into tomato paste and pulp. Tomato pulp was obtained by passing the fresh fully red tomatoes through the fine pulper machine and then the seeds and skin were separated following the protocols described by Dauthy (1995) . Tomato paste was prepared from ripened tomatoes by removing skin and seeds. It was cooked for several hours and reduced to a thick, red concentrate. Extraction Method. Two methods were used for the extraction of lycopene from the raw tomatoes and its products. That included simple solvent and enzyme aided extraction methods. Simple Solvent Extraction. Conventional method involved the simple application of organic solvents to the samples, for lycopene extraction as adopted by Roldan-Gutierrez et al. (2007) . The fresh bright red fully mature tomatoes were grinded extensively, while the tomato paste and the pulp were properly homogenized to break the cell structure of these natural food materials for the efficient extraction of lycopene from them. About 20g of each sample was taken in the 250mL of the conical flask. Then these samples were extracted overnight in the orbital shaker with the solvent mixture of 200mL of hexane and acetone in the ratio of 75:25 respectively at room temperature. The extract from each flask was filtered with Whatman No. 1 filter paper. The solvent from extract was separated at 50°C in a rotary vacuum evaporator (EYELA, N-N series, Japan) leaving behind crude extract only. The crude extract of each sample was stored at 4°C until use.
Enzyme-aided Extraction. Enzyme-aided extraction is a contemporary technique to acquire beneficial components from natural food materials as followed by (Choudhari and Ananthanarayan, 2007) . All the samples (tomato and tomato products i.e. paste and pulp) were first treated with the enzyme pectinase to remove the bindings of pectin, to get the lycopene in the free state for the better extraction latterly by the solvent mixture of hexane and acetone (75:25). For this purpose, the samples were properly homogenized and grinded extensively according to the requirement. About 3 g of the grinded sample was taken in 250 mL of the conical flask. Around 20mL of 0.2M acetate buffer of pH 5 was added to sample in the flask. Main purpose for the addition of the buffer was to provide appropriate environment for enzyme, to work efficiently. After buffer addition, thousand international units of the pectinase were added in the flask and incubated at 60°C for 20 minutes. After the completion of incubation process, filtration of the contents was carried out. Filtrate obtained was subjected to solvent extraction using 60mL hexane and acetone in the ratio of 75:25 respectively at room temperature. Vortex the contents for proper mixing of filtrate and solvent. Then the extraction was carried out in separating funnel for 15-20 minutes. Upper phase was non-polar in nature comprising lycopene and pooled together while lower aqueous phase was discarded. The crude extract of each sample was stored at 4°C until use. Estimation of Lycopene. Lycopene was determined by spectrophotometer following the protocols of Angela et al. (2003) . Extract obtained by both treatments (solvent extraction and enzyme-aided extraction) was transferred to the separating funnel. About 20 mL of 5% sodium sulphate solution was added in it and shaken gently. This resulted in the formation of the two separating layers in separating flask. Most of the color was noticed in the upper layer. The two phases were separated and the lower aqueous phase was re-extracted with additional 20mL solvent. The extract was washed with a small amount of the distilled water. Washed extract containing carotenoids was poured into a brown bottle contain about 10 g anhydrous sodium sulphate. Resting time of 30 minutes or more was given to it. The extract was decanted into 100mL volumetric flask through funnel containing cotton wool. Sodium sulphate slurry was washed with the solvent until it became colorless and washing was transferred to the volumetric flask. The volume was made and absorbance was measured by spectrophotometer at 503 nm using the petroleum ether as blank. Antioxidant Activity. Main role of lycopene is its antioxidant activity, apart from its function as a colorant. The extracts obtained from raw tomatoes and its products (pulp and paste) were analyzed for their antioxidant potency through different parameters i.e. free radical scavenging activity (DPPH assay), β-carotene and total phenolic contents.
Free Radical Scavenging Activity (DPPH Assay). DPPH (1, 1-diphenyl-2-picryl hydrazyl) radical scavenging activity of extracts was measured according to the method of Brand-Williams et al. (1995) . An extract of sample of 400 μL was added in the test tube to which the 2mL of 0.012M DPPH dissolved in ethanol was added. The solution was then mixed vigorously and allowed to stand at room temperature in the dark for 30 min. The absorbance of mixtures was measured at 517 nm using a UV-1601 spectrophotometer and compared with the control. The experiment was carried out in triplicate. Radical scavenging activity was calculated by the following formula:
Reduction of absorbance (%) = [(AB -AA) / AB] × 100,
Where: AB = absorbance of blank sample (t = 0 min); AA = absorbance of tested extract solution (t = 30 min).
β-Carotene Assay. Antioxidant activity based on coupled oxidation of ß-carotene and linoleic acid was evaluated by using a method described by Taga et al. (1984) . 1ml of ß-carotene (1mg/ml in chloroform), 40 μL of linoleic acid and 400μL of Tween 80 were transferred to a round-bottom flask. Chloroform from the sample was evaporated using a stream of nitrogen. Then 100mL of distilled water was added slowly to the residue and vigorously agitated to give a stable emulsion. To an aliquot of 4.5mL of this emulsion, 200μL of the extracted sample was added. To the control reaction mixture 200μL of distilled water was added. Absorbance was measured, immediately at 470nm. The tubes were placed in water bath at 60°C and the absorbance was measured after 0, 60 and 120 min time interval respectively.
AAI= As (0) -As (120) Ab (0) -Ab (120)
Where: As (0) is absorbance of sample at 0 min, As (120) is absorbance of sample at 120 min. Ab (0) is absorbance of blank at 0 min, Ab (120) is absorbance of blank at 120 min.
Total Phenolic Contents (TPC).
The total phenolic contents in all the extracts were determined by the Folin-Ciocalteu method (Singleton et al., 1999) . From the extracted sample, 125 μL sample was taken in test tube. Then 500μL distilled water was added in it. After that 125 μL of Folin-Ciocalteu reagent was added in it. Resting period of 6 minutes was given to it. Then 1.25mL of 7% sodium carbonate was added in it. Made final volume by adding 1mL of distilled water. The samples were given the resting time for 90 minutes for completion of reaction. Took absorbance of the samples in triplicate at 760nm by using a UVvis spectrophotometer. Gallic was run as a standard along with the samples and its absorbance was taken at 725nm. Its solution was prepared by taking 25 mg of gallic acid and dissolved in 25mL distilled water. Concentrations of gallic acid up to 450 μL were used and its standard curve was used for the calculation of total phenolics in the extract.
Statistical Analysis. The data obtained from each parameter was subjected to statistical analysis to determine the level of significance according to the methods as described by Steel et al. (1997) .
RESULTS AND DISCUSSION
Extraction Methods. The effect of using different extraction methods on lycopene contents from raw tomato and its products is well mentioned in Figure 1 . It can be elucidated that the simple solvent extraction method was not significant throughout the process of extraction whereas the enzyme (pectinase) aided extraction showed maximum results for lycopene recovery from all the products. By the solvent extraction method the maximum extraction rate was observed in tomato paste that was 21.3mg/100g whereas raw tomatoes and pulp followed by it that was 2.78 and 2.65mg/100g. On the other hand, enzyme-aided method had remarkable effect on the lycopene extraction rate in tomato paste that was 38.3mg/100g whereas pulp had least content of 3.71mg/100g.
On an average basis, it was obvious from the results that tomato paste proved high in lycopene content by 29.8mg/100g, owing to the fact that thermal processing (cooking) and mechanical texture disruption (homogenization) of raw tomatoes are convenient ways to enhance bioavailability by breaking down sturdy cell wall structure (pectin), by disrupting chromoplast membranes and cellular integrity, thereby improving the accessibility of lycopene at the initial stage, which eventually helped in the better extraction of lycopene contents with enzyme (pectinase) Enzyme aided extraction method lycopene recovery by 6.89mg/100g present study are in accordance for the lycopene extraction from yield of lycopene by 90.6μg/g Chena et al. (2011) verified that with the aid of enzymes showed solvent extraction method. DPPH free radical scavenging those indicators, which are bioactive molecules or extract radical scavenging activity was tomato which was 90.12% than of tomato products, there was 79.55% was observed than extraction. enzyme-aided extraction on lycopene contents from tomato products scavenging activity. DPPH free radical scavenging important in determining antioxidant potential extract containing them. It is elucidated from Figure  was found to be maximum in the enzyme-aided than the solvent extract in which it was found to was a maximum radical scavenging activity than the tomato pulp which was 66.98% from (Zuorroa et al., 2011 Figure 2 that the free aided extract of raw to be 87.9%. In case in tomato paste of from enzyme-aided The results of free radical Chen (2008) who verified that higher DPPH (2,2-diphenyl-1-β-carotene contents. β-also has antioxidant properties mentioned in Table 2 and 3 enzyme-aided extraction while method had significant effect on that the tannase enzyme treated green tea was picrylhydrazyl) scavenging effects than the untreated -carotene is the molecule that gives red color properties and may help in preventing cancer and , the tomato paste had 2.74mg/100g β-carotene while it was 1.56mg/100g by solvent extraction, since on the β-carotene content.
contents mg/100g from raw tomato and tomato products extract with findings of Lu and was exhibiting 62% untreated ones. color to the tomato. It other diseases. As carotene contents by since the extraction products extract
As shown in Figure 3 , in raw tomato and tomato pulp these were 1.77mg/100g and 1.23mg/100g respectively by enzyme were found to be 1.28mg/100g and 0.77mg/100g raw tomato and tomato products. Present findings were well supported by the findings of Baranska et al. (2006) , who noted that β carotene occurred in tomato fruits and various tomato products is 0.23
Total phenolic contents Table 2 and 3. For whole tomatoes, aided method was found to GAE/100g. Overall, as depicted by the Figure 4 , the total phenolic contents were found in maximum amount in raw tomato than its products and extraction was more pronounced by the enzyme-aided method. George et al. (2004) reported that the phenolic content in different tomato genotypes ranged from 10 contents ranged from 9-27mg catechin equivalents/100g.
The present project was extraction over simple solvent products, and also to study the There was a significant difference aided extraction than the simple lycopene was recovered from the ability to break down the bindings cell. Significant differences in as a function of both types of the top position with regard followed by simple solvent extracts. extraction of lycopene in the presence the amount of lycopene recovery. As shown in Figure 3 , in raw tomato and tomato pulp these were 1.77mg/100g and 1.23mg/100g respectively by enzyme-aided method. By solvent extraction these contents 28mg/100g and 0.77mg/100g raw tomato and tomato products. Present findings were well supported by the findings of Baranska et al. (2006) , who noted that β carotene occurred in tomato fruits and various tomato products is 0.23-2.83 mg/100 g.
contents. Mean values of the total phenolic contents tomatoes, the value for the total phenolic contents be 43.70mg GAE/ 100g, and for the tomato phenolic content from raw tomato and tomato products Overall, as depicted by the Figure 4 , the total phenolic contents were found in maximum amount in raw tomato than its products and extraction was more pronounced by ided method. George et al. (2004) reported that the phenolic content in different tomato genotypes ranged from 10-40mg catechin equivalents/100g, and in pulp the phenolic 27mg catechin equivalents/100g. CONCLUSION was designed to evaluate the competency solvent extraction, to take out the antioxidants from the antioxidant activity of extracts obtained difference between the yields of the lycopene, extracted simple solvent extraction method. The maximum from tomato paste by enzyme (pectinase) aided bindings of pectin responsible for the lycopene the antioxidant potency of the different extracts extraction methods. Enzyme aided extracts were TPC, ß-carotene assay and free radical scavenging extracts. In brief, the whole investigation can presence of pectinase enzyme speeds up as recovery.
As shown in Figure 3 , in raw tomato and tomato pulp these were 1.77mg/100g and aided method. By solvent extraction these contents 28mg/100g and 0.77mg/100g raw tomato and tomato products. Present findings were well supported by the findings of Baranska et al. (2006) , who noted that β-2.83 mg/100 g. contents is presented in contents by enzymetomato paste 42.74mg products extract Overall, as depicted by the Figure 4 , the total phenolic contents were found in maximum amount in raw tomato than its products and extraction was more pronounced by ided method. George et al. (2004) reported that the phenolic content in different 40mg catechin equivalents/100g, and in pulp the phenolic of enzyme aided from tomato and its obtained by both methods.
extracted with enzyme maximum amount of method, which had lycopene capturing in the extracts were observed were found to be at scavenging activity, can be concluded as as well as improves
